Osteoporosis is a significant risk factor for morbidity, and its high prevalence among Saudi women should be considered to be a public health problem. Quantitative ultrasound was recommended for bone mineral density (BMD) screening. Receptor activator of nuclear factor kappa-B ligand (RANKL) and osteoprotegerin (OPG) and their ratio are critical for physiological bone remodelling, and related abnormalities may lead to several osteopathies. Methods: The BMD of 499 Saudi females aged 20 to 65 years was measured using quantitative ultrasound from the beginning of October 2013 to the end of March 2014 at the female medical unit of Taibah University, Madinah, KSA. Possible associated risk factors for low BMD were studied. Blood RANKL and OPG were measured by enzyme-linked immunosorbent assay (ELISA). Results: No significant differences were found between participants with normal and low BMD regarding the studied risk factors. However, there was a significant association (p < 0.05) between BMD and regular physical activity among participants aged 20 years to less than 35 years, and women aged 35-50 years with higher body mass index (BMI) had higher BMD. The RANKL/OPG ratio was inversely associated (p = 0.04) with BMD. Conclusions: Regular physical activity is crucial for maximizing BMD in young females and decreasing the possibility of developing osteoporosis with ageing. The RANKL/OPG ratio might be considered a useful and easy-to-use tool for the prediction of low BMD.
INTRODUCTION
Osteoporosis is a significant risk factor for morbidity and markedly diminishes the quality of life of women after menopause (1, 2) . However, it has been reported that the full achievement of peak bone mass might be reduced in young adulthood due to several conditions such as dieting, low calcium intake, smoking, oligomenorrhoea, excessive alcohol intake, low body mass index, previous fragility fracture, parental history of hip fracture, chronic obstructive pulmonary disease and glucocorticoid therapy (2) (3) (4) .
Bone mineral density (BMD) is the amount of bone mineral per unit volume or per unit area. Several medications have recently been labelled for the treatment of osteoporosis, but prevention is preferable to treatment because no therapy fully restores lost bone mass (1) . Bone densitometry is used to assess the severity of bone loss, to provide diagnostic criteria and prognostic information on the probability of future fractures and to identify those who need therapy and follow up (5, 6) . A wide variety of techniques is available to assess BMD and all are applied to the appendicular skeleton and the spine (7) . The dual energy Xray absorptiometry (DXA) scan is the most commonly used test for measuring BMD (8) . However, DXA is not an optimal tool for population screening, and the International Quantitative Ultrasound Consensus has recommended quantitative ultrasound to screen bone status in the community because it is a noninvasive and less time-consuming method that relies on a relatively inexpensive, radiation-free, portable device (9) . It has been shown that calcaneal BMD may help to predict bone fractures (10) (11) (12) .
Bone quality is affected by many factors, including the degree of mineralization, connectivity of bony trabeculae, quality of collagen fibres and health of bone cells (osteoblasts, osteoclasts and osteocytes). Osteoblasts are responsible for continual bone renewal, repair and replacement. Osteoclasts are the only cells capable of bone resorption, a process required for both normal bone homeostasis and pathological bone loss (13) . It has been estimated that approximately 10% of the total bone mass in humans is remodelled each year to maintain bone strength in response to hormonal regulation and mechanical stress (14) . An imbalance between bone formation and resorption is thought to underlie the pathogenesis of reduced bone mass in osteoporosis or osteopaenia [which refers to BMD that is lower than normal peak BMD but not low enough to be classified as osteoporosis] (15) . Hence, it has been suggested that inhibition of bone remodelling should become a major therapeutic strategy for preventing bone loss (16) .
Bone resorption was reported to be dependent on a cytokine known as receptor activator of nuclear factor kappa-B ligand (RANKL), which is balanced by osteoprotegerin [OPG] ( Fig. 1 ). sufficient assessment of osteoblast-induced stimulus of osteoclasts. Abnormalities in the RANKL/OPG ratio may lead to several osteopathies (20, 21) .
A high prevalence of postmenopausal osteoporosis was reported in Saudi women in different areas in Saudi Arabia and should be considered a public health problem (5) . However, there is a paucity of prospective studies on screening and treatment in younger age groups, so few practice recommendations exist to guide the management of osteoporosis in young adults (3, 22) .
Therefore, this study was conducted to measure the BMD of apparently healthy Saudi females aged 20-65 years using an easy, simple, and non-invasive quantitative ultrasound method and identify possible associated risk factors for osteopaenia or osteoporosis among them. The study was extended to measure blood RANKL and OPG among participants by enzyme-linked immunosorbent assay (ELISA) to assess the relationship between BMD and the RANKL/OPG ratio. This might be helpful in early diagnosis of those with low BMD to establish proper control and prevention of future osteoporosis among Saudi women.
SUBJECTS AND METHODS
This cross-sectional study was conducted among 499 Saudi females from the beginning of October 2013 to the end of March 2014 at the female medical unit, Taibah University, Madinah, Saudi Arabia.
The study was performed in compliance with the Helsinki Declaration and in accordance with the regulations laid down by the Taibah University Ethical Committee. Written informed consent was obtained from all participants prior to their participation in the study.
Inclusion and exclusion criteria
All apparently healthy Saudi female students, staff members, and employees 20-65 years old and attending Taibah University main campus were invited to participate in the study either during University social events or in response to advertisements at different colleges. A total of 509 participants were recruited. However, those with one or more of the following criteria were excluded from the study: primary or secondary amenorrhea, thyroid diseases, chronic illness, or using medications that can affect bone density (eg corticosteroids, vitamin D and calcium). Ten participants were excluded from the study.
Data were collected using the following tools: Receptor activator of nuclear factor kappa-B ligand is a tumour necrosis factor (TNF) family member produced and secreted by osteoblasts, which, through binding to its receptor (RANK) on progenitor and mature osteoclasts, regulates osteoclastogenesis and activation of osteoclasts in normal and pathological states of bone remodelling (17, 18) . Osteoprotegerin is a "protector of the bone" TNF receptor family member produced by osteoblasts that binds to RANKL and thereby blocks the RANKL-RANK interaction, inhibiting differentiation and activation of the osteoclasts (19) , as illustrated in Fig. 1 . The RANKL/OPG ratio is critical for physiological bone remodelling and should enable consumption) and sun exposure) and medical history including any chronic diseases or medications. This questionnaire was used in a previous study conducted in Saudi Arabia (23) .
Measurement of weight and height and calculation of body mass index
The weight and height of participants were measured at the university's medical unit, and body mass index (BMI) was calculated using the following equation: BMI = weight (kg)/height (m) 2 . Participants with BMI < 18.5 were considered to be underweight, those with BMI ranging from 18.5-24.9 were considered normal weight, those with BMI ranging from 25.0-29.9 were considered overweight, and finally those with BMI ≥ 30.0 were considered obese (24) .
Bone mineral density measurement
Bone mineral density measurement was performed on one leg for all the participants by the quantitative ultrasound technique with the subject in a sitting position using the water-based Achilles InSight ultrasonometer (GE Healthcare). The heel of the non-dominant leg was placed between two ultrasonic transducers in a water bath at 37°C. The ultrasound uses high-frequency sound waves to measure the heel bone mineral density. The patient's result is expressed as a T-score and Z-score and is graphed against the reference population. Measurement results are displayed, stored and printed including measurement values and fracture risk colour graphs for easy clinical assessment and visual communication for the patient. The T-score compares the subject's BMD to the mean value in a healthy, young reference population (3, 22) , while the Z-score compares the subject's BMD to the age-matched population. In this study, we used the T-score because it is considered to provide the best information on the extent of bone loss (25) . According to the brochure for the Achilles InSight system, participants were classified into three groups according to their T-score: group I: participants with normal bone density (T-score > -1), group II: participants with osteopaenia (T-score ranging from -1 to -2.5) and group III: participants with osteoporosis (Tscore < -2.5).
Blood sample collection
Blood samples from participants were drawn by venipuncture in the morning in completely aseptic conditions by puncture of an antecubital vein. Samples were left in a plain tube for 30-60 minutes to allow spontaneous clotting at room temperature then centrifuged at 3000 rpm for 10 minutes for serum separation. The obtained sera were frozen immediately at -70°C for future analysis, and the total serum levels of RANKL and OPG in the samples were determined by ELISA using a commercial kit (BioVendor GmbH, Heidelberg Germany and Immundiagnostik AG, Stubenwald, Germany, respectively) using horseradish peroxidase detec-tion in accordance with the manufacturer's instructions. Samples (100 µL) were assayed in duplicate. The ratio of the serum levels of RANKL and OPG (RANKL/OPG ratio) was also calculated.
Statistical analysis
The obtained data were collected and entered into the computer using SPSS (Statistical Package for Social Sciences) programme, version 17 (SPSS Inc, Chicago, IL, USA). the following two types of statistics were performed:
C Descriptive statistics: quantitative data are shown as the mean and standard deviation (SD), while qualitative data are expressed as frequency and per cent. C Analytical statistics: the Chi-squared test was used to measure the association between qualitative variables, while the Mann-Whitney test was used to compare the mean ranks of two sets of quantitative, not normally distributed data. A p-value was considered statistically significant when at less than 0.05.
RESULTS
A total of 499 Saudi females with a mean age of 31.87 (± 0.33) years participated in this study. More than two-thirds (66.7%) were between 20 and 35 years old. The majority (85.4%) had higher education (including participating undergraduate students). Normal weight and obese participants were common, with similar percentages among participants (36.9% and 33.3%, respectively), and only 1% was diagnosed as osteoporotic based on their T-score (Table  1) . Table 2 shows the risk factors for low BMD among the participants. Due to the small number of participants in the osteoporotic group, the data from osteoporotic and osteopaenic participants were merged and considered as one group with low BMD (T-score ≤ 1). No significant differences were found between the normal and low BMD group for any of the studied risk factors (p > 0.05). However, regular physical activity was higher in the normal BMD group than the low BMD group (49.9% vs 40.7%). We found no participant who consumed more than two cups of milk products/day with low BMD. More than one-third of the participants in both groups did not consume milk products daily (41.4% and 41.9%). Because 66.7% of our participants ranged from 20 to less than 35 years, they constituted 59.3% of those with low BMD. However, low BMD was present in 30% of participants more than 50 years old compared to only 15.3% of the participants aged 20 years to 34 years old ( Table 1, Table 2 and Fig. 2 ).
Association between BMD and risk factors for low BMD

Association between age, dietary and behavioural habits, and low BMD
A significant association (p < 0.05) was found between BMD and regular physical activity (walking for 30 minutes three times a week) among participants aged 20 years to less than 35 years old. We found that more than half of those with normal BMD (52.5%) reported engaging in regular physical activity compared to 35.3% of those with low BMD (Table  3) . Additionally, a significant difference (p < 0.05) was found between BMD and BMI among participants 35-50 years old. Obesity was higher among those with normal BMD than those with low BMD [56.4% vs 30.8%] ( Table 4 ). 
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Association between RANKL/OPG ratio and T-score
No significant associations were found between RANKL, OPG and T-score among participants (p > 0.05). However, the RANKL/OPG ratio was significantly associated with Tscore [p < 0.05] (Table 5) . Age, history of regular physical activity, BMI and history of daily intake of milk products were not independently associated with RANKL/OPG ratio when introduced in a linear regression model (p > 0.05). 
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DISCUSSION
Clinical data indicate that osteoporosis is the main cause of pathological fractures in older adults, leading to disability and death (26) . In the current work, quantitative ultrasound was used to measure BMD, which has been recommended for screening bone status in the community by the International Quantitative Ultrasound Consensus (9) . Of all the available techniques for peripheral testing of BMD, heel ultrasound has significant advantages over other peripheral devices because it is easy to use, is an excellent predictor of hip and spine fracture, and avoids the use of ionizing radiation. The Achilles InSight used in the current work used a real-time image of the heel for confident positioning and accurate measuring (9, 27) . Dual energy X-ray absorptiometry and quantitative ultrasound are both useful for detecting bone demineralization in patients with thalassaemia (28) . In the quantitative ultrasound method, the calcaneus was chosen for the measurement of bone density because the calcaneus bone encompasses a large volume of trabecular bone between relatively flat faces and is readily accessible for transmission measurements. The use of the nondominant leg to measure BMD in the present study was chosen based on the suggestion that the mechanical loading on the bone of the dominant leg might result in an increase in bone mass to accommodate the greater load and so lead to a false impression of general BMD (9) .
In the current study, 30% of women above 50 years had a T-score of -1 or lower (osteopaenic/osteoporotic). This prevalence of osteopaenia and osteoporosis is much lower than that reported by other Saudi studies conducted in Riyadh [57.7%] (5) and eastern Saudi Arabia [76%] (29) , which used dual X-ray absorptiometry. This difference could be attributed to several factors such as the different methods used to assess BMD, the different sites of measurement (lumbar spine and upper femur), and the different dietary and behavioural habits in different areas of Saudi Arabia. Additionally, it has been reported that the atmosphere in urban Riyadh is saturated with dust particles and vehicle pollution, which may affect the availability of ultraviolet radiation because the dust is composed of mineral particles that both absorb and scatter sunlight and might therefore affect vitamin D synthesis (30) .
The study results showed that 15% of participants between 20 years and 35 years old showed low bone density, which contradicts other studies (31) that reported that continuous physiologic bone loss of human skeleton starts at approximately age 35 years and continues at different rates throughout life. However, the present study did not find any significant association between the low BMD observed in this age group (20 years to less than 35 years) and the studied risk factors except for regular physical activity. This result is consistent with the findings of other studies, which reported that physical activity is vital in adults because it reduces the rate of bone loss during the perimenopausal period and decelerates bone loss associated with ageing (32, 33) .
The current study did not find any association between daily milk/milk product consumption and low BMD in any age group. However, more than one-third of participants in the normal and low BMD groups do not consume daily milk products at all. It is worth mentioning that none of our participants who consumed near the daily requirement of dairy products (more than two cups of dairy products) had Bone Mineral Density in Saudi Females low BMD. It has been reported that calcium intake has no effect on quantitative ultrasound measurements at the heel, and systematic physical activity and adequate dietary calcium intake are recommended for women as a means to maximize bone status benefits (9) . However, other studies investigated the role of calcium on bone mass and concluded that calcium has a positive effect on bone mass throughout life and is an important nutritional factor for bone health (34) . Fifteen minutes of sunlight exposure daily is recommended to maintain adequate vitamin D stores (35) . In the current study, participants who do not expose their hands and face and/or use sun block during the daytime were considered as lacking exposure to sunlight. In Saudi Arabia, the majority of females cover their heads and faces due to cultural and religious practices. However, these study participants could be considered moderately exposed to sunlight; all of them were either studying or working at the Taibah University female campus without covering their heads or faces. No significant association has been found between low BMD and sun exposure. Some studies have attributed the high prevalence of osteomalacia and vitamin D deficiencies in Saudi Arabian women to their cultural practice of wearing clothing that covers the entire body and face, which could prevent direct exposure to sunlight (30, 36) . Other Saudi studies also found a direct positive correlation between sun exposure and serum levels of vitamin D (37) . It has been suggested that solar ultraviolet B irradiation is the primary source of vitamin D (other than dietary supplements) for most people because dietary sources of vitamin D are limited. Vitamin D plays a central role in calcium and phosphorus homeostasis and skeletal health (38) . Impaired calcium metabolism due to low serum 25(OH) D levels triggers secondary hyperparathyroidism, increased bone turnover and progressive bone loss (38) . Some studies concluded that vitamin D deficiency is common among Saudi children and adolescents, and it is influenced by both sun exposure and physical activity (39) . This might explain the significant association between physical activity and BMD found in the present study because these participants might also have higher levels of vitamin D and hence higher BMD.
In the current study, a significant difference (p < 0.05) was found between BMD and BMI among participants 35-50 years old. Interestingly, obesity was higher among the normal BMD group than the low BMD group (56.4% vs 30.8%). This is consistent with other studies (40) that reported that increasing weight and BMI are associated with higher bone density. It is suggested that a larger body mass imposes a greater mechanical loading on bone that results in an increase in bone mass to accommodate the greater load (9) . It has been proposed that the increase in adipose tissue that occurs with increasing BMI in postmenopausal women results in increased oestrogen production, osteoclast suppression and a resultant increase in bone mass. In addition, obesity has a protective effect on bone through several mechanisms such as increased aromatization of androgen to oestrogen in adipose tissue (41) and decreased sex-hormone binding globulin with a corresponding increase in free sex steroids (40) . However, it has been reported that insulin resistance induced by a 12-week high-fat diet resulted in osteoporosis in the jawbone (42) .
The RANKL/OPG ratio was significantly associated with T-score among the studied population (p < 0.05), although no significant association was found between RANKL, OPG and T-score (p > 0.05). Receptor activator of nuclear factor kappa-B ligand was reported to be the unique osteoclastogenesis cytokine promoting osteoclast formation (17, 18, 43) . It has been suggested that osteoclast functional activity rather than formation is increased in primary osteoporosis and that dexamethasone acts to increase osteoclast formation (15) . Oestrogen therapy was reported to have a significant antiresorptive effect through its enhancing effect on the osteoblastic production of OPG, which has antiosteoclastic properties because of its ability to bind to RANKL and subsequently to block the RANKL/RANK interaction required for osteoclast recruitment and activation (44) . The suppression of bone remodelling in normal rats by OPG was reported to increase bone volume and density, and the stimulation of bone remodelling in normal mice or rats by RANKL leads to reduced bone volume (45) . Additionally, studies in numerous animal models of bone disease showed that RANKL inhibition and injection of antimouse RANKL antibody lead to marked suppression of bone resorption and increases in cortical and cancellous bone volume, density and strength. It also significantly prevented alveolar bone loss in OPG-deficient mice (46) . Receptor activator of nuclear factor kappa-B ligand inhibitors prevent the focal bone loss that occurs in animal models of rheumatoid arthritis and bone metastasis (16) . In addition, deregulation of RANK signalling restraining increased the formation of hyper-resorptive osteoclasts and prevented osteoporotic deficits (47) . A positive influence of exercise on RANK/RANKL/OPG pathway in bone metabolism has also been suggested (48) .
LIMITATIONS
The results of this study cannot be generalized to all females in all the provinces of Saudi Arabia due to differences in behavioural and dietary habits. Data on sun exposure, physical activity and dairy consumption were based on questionnaires that are subject to recall bias.
CONCLUSIONS
The prevalence of low BMD in apparently healthy nonsymptomatic working females aged over 50 years in Al Madinah city is less than that recorded in females of the same age in other provinces of Saudi Arabia. The high prevalence of low BMD in the young age group (20 years to less than 35 years) and the significant effect of regular physical activity on BMD should raise awareness of the importance of regular physical activity to maximize BMD in young females and thus decrease the possibility of developing osteoporosis with ageing. Measurement of OPG and RANKL and use of the RANKL/OPG ratio is recommended to be further investigated as a useful, easy to use tool for the prediction of low BMD.
